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Objectives: To evaluate the natural history of radiographic hand osteoarthritis (OA) over 10 years.
Design:We assessed 118 subjects (30 women) twice (X-ray A and B) with mean (SD) follow-up time of 9.6
(0.4) years. Subjects were of mean (SD) age 52 (10) years at X-ray A and had undergone prior knee
meniscectomy. Radiographs of the distal interphalangeal (DIP) and proximal interphalangeal (PIP) joints,
and the ﬁrst interphalangeal (IP1) and ﬁrst carpometacarpal (CMC1) joints of both hands were read for
joint space narrowing (JSN) and osteophytes according to the OARSI atlas. Radiographic progression was
evaluated both at joint and subject level.
Results: At the time of X-ray A, we found radiographic OA (approximating Kellgren and Lawrence grade 2
or worse) in at least one hand joint in 42 (36%) subjects, and in 62 (53%) at X-ray B (P< 0.001). At X-ray A,
21 subjects (18%) were classiﬁed as having primary hand OA vs 35 (30%) at X-ray B (P< 0.001). Increase in
JSN and osteophyte grade occurred most frequently in the DIP joints. OA at X-ray B was most frequently
found in subjects’ CMC1 (29%), DIP (14e27%), and IP1 joints (19%). Fifty-nine percent of subjects pro-
gressed radiographically (increase in total radiographic score by at least 2). However, the progression of
the radiographic changes was mostly minor.
Conclusions: In subjects with prior meniscectomy, CMC1, DIP, and IP1 joint OA is common. However,
further hand OA progression over 10 years, as detected by plain radiography, is relatively modest. More
sensitive imaging techniques may be preferable for clinical trials to evaluate structural hand OA
progression.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Hand osteoarthritis (OA) occurs at least as frequently as hip or
knee OA, and radiographic hand OA has been reported to be as
prevalent as 22e76% of middle-aged or older individuals in pop-
ulation-based surveys1e4. The prevalence of hand OA is higher in
women than in men and increases strongly with age1,2,5. The distal
interphalangeal (DIP) joints, ﬁrst interphalangeal (IP1), and the
carpometacarpal joint of the thumb [ﬁrst carpometacarpal (CMC1)]
are the most commonly involved, followed by the proximal inter-
phalangeal (PIP) joints1,2,6,7.
Most studies on natural history of OA have so far concentrated
on subjects with hip and knee OA8. There are only about a handful
of studies on the development of OA in the small joints of the handartin Englund, Musculoskel-
rsity Hospital, Klinikgatan 22,
glund).
s Research Society International. Pand most of them using hand OA patients9e15. Thus, the knowledge
of the pattern and rate of development of radiographic changes of
the hand in the general population are limited16. This information is
not only important for understanding the disease but also for
designing clinical trials evaluating the effect of disease modifying
drug candidates e.g., to determine inclusion criteria, outcome
measures, and for power calculations. Hence, the aim of this study
was to investigate the development and progression of radio-
graphic hand OA over 10 years in men and women with prior
meniscectomy with focus on descriptive type of analyses.
Subjects and methods
Study sample
We recruited subjects who had undergone isolated unilateral
meniscectomy at Lund University Hospital in 1973 or 1978. All
persons were identiﬁed according to the surgical code system and
were invited to a ﬁrst radiographic examination (A) in 1994 or 1995.
Hand ﬁlms were then primarily obtained to study the associationublished by Elsevier Ltd. All rights reserved.
Table I
Subject characteristics
Characteristic
N (% women) 118 (25)
Follow-up time, mean SD years 9.6 0.4
Age, mean SD years
Meniscectomy 32.4 8.5
X-ray A 51.7 10.3
X-ray B 61.1 8.7
Body mass index, mean SD kg/m2
X-ray A* 26.1 3.8
X-ray B 28.0 3.5
Occupational activity level at X-ray B, n (%)*
Heavy labor 5 (4)
Moderate labor 32 (27)
Light labor/clerical 34 (29)
Retired/unemployed 37 (32)
Disability pension 9 (8)
* Missing value for one subject.
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the subjects with available hand ﬁlms from X-ray A (n¼ 170), 13
had died and one had developed a serious neurological disease and
were thus excluded. The remaining 156 were invited to a second
X-ray (B) in 2004 or 2005 of whom 118 (76%) attended. Non-
participants (n¼ 38) did not differ signiﬁcantly from participants
with regards to age, gender, and BMI (data not shown).
The study was approved by the Institutional Review Board of
Lund University, and informed written consent was obtained from
all subjects.
Radiographic methods and OA scoring
Standard posteroanterior radiographs of both hands were taken
at both examinations. One reader (PTP) read the ﬁlms from X-ray A
and B paired with known time sequence. All four DIP, four PIP joints
and the IP1 and CMC1 joint of each hand were assessed for joint
space narrowing (JSN) and osteophytes on a 4-point scale (range
0e3, with 0 indicating no JSN or no evidence of bony changes), in
accordance with the atlas from OA Research Society International
(OARSI)18. A few joints with non-reducible dislocation, or which
were amputated, were recorded as missing values. Also, one CMC1
joint with arthroplasty (due to unknown origin but probably not OA
related) was recorded as missing value. We did not score mala-
lignment, erosion, subchondral sclerosis, or cysts. All X-ray A
readings were compared to previous readings of the sample by PTP
and the consensus reading from two readers (PTP and ME)17. The
intra-observer reliability (weighted kappa) using the whole sample
was 0.51 for JSN and 0.66 for osteophytes with observed agreement
in 83% and 92%, respectively. Inter-observer kappa for JSN and
osteophytes were 0.49 and 0.66, respectively with 82% and 92%
observed agreements (the kappa values were negatively affected
due to the majority of JSN and osteophyte grades being 0)19. The
intra- and inter-observer intra-class correlation coefﬁcient (two-
way random effect model) for the total radiographic score was 0.83
and 0.85, respectively.
Radiographic deﬁnitions and evaluation of OA development
In the single hand joint, we considered radiographic OA to be
present if any of the following three criteria were fulﬁlled: (1) JSN
grade 2 or worse, (2) osteophyte grade 2 or worse, or (3) JSN grade 1
in combination with an osteophyte grade 1. This cut-off approxi-
mates Kellgren and Lawrence (K/L) grade 2 or worse.
We classiﬁed a person as having primary radiographic hand OA if
at least one of the following two criteria was fulﬁlled: the presence
of radiographic OA (as deﬁned above) in (1) at least one DIP, PIP, IP1,
or CMC1 joint in each hand symmetrically (i.e., corresponding
joints), or (2) at least two DIP/PIP joints in the same hand in
a pattern consistent with primary OA, i.e., in the same row or ray
(the IP1 was treated as a DIP). This deﬁnition was used in a prior
publication17 and was based on reports of typical pattern of hand
joint involvement in OA20,21.
Radiographic OA progression across the joints (i.e., IP1s, DIP2s,
DIP3s etc.) was primarily evaluated on a subject level by the mean
change in the sum of JSN grades or osteophyte grades of the joint
from subjects’ both hands, irrespective of OA status at X-ray A. Thus,
the progression could represent either newly developed features or
progression of existing radiographic features. For example, we
calculated the mean D JSN score for IP1 joints as: (([sum of JSN
grades from right and left IP1 at X-ray B] [sum of JSN grades from
right and left IP1 at X-ray A])/[number of subjects]). These analyses
were then also stratiﬁed by radiographic OA status of the subject’s
joints at X-ray A to see whether most radiographic progression
occurred in subjects already affected by OA in that joint or not.Total radiographic scores for subjects were calculated by adding
all JSN and osteophytes grades from all joints from both hands. We
also calculated subjects’ scores for JSN and osteophytes separately.
Radiographic hand OA progression in subjects was primarily eval-
uated by the change in the radiographic scores between X-ray A
and B. We deﬁned radiographic progression as an increase in score
by at least 2 (which we considered to represent the smallest
detectable change).
Statistical analysis
We evaluated differences in age using ManneWhitney U test.
Paired proportions were evaluated with McNemar’s test. We also
calculated standardized response means (SRMs) by dividing
the mean change of the total radiographic score, JSN score and
osteophyte scores by the standard deviation of the that change22.
Analyses were performed using SPSS for Windows 16.0.0 (SPSS,
Chicago, IL, USA) and we considered a two-tailed P less than 0.05 as
statistically signiﬁcant.
Results
General characteristics
The study sample consisted of 118 subjects (88 men and 30
women) with a mean age of 52 years (median 49, range 32e75) at
X-ray A. The age did not differ signiﬁcantly between men and
women (mean 52 [SD 10] vs 51 [SD 12] years, P¼ 0.58). The follow-
up assessment (X-ray B) was carried out 10 years later (Table I).
Hand OA at joint level
Radiographic OA approximating K/L grade 2 or worse at X-ray B
was most frequently found in the CMC1 (29%), DIP (14e27%), and
IP1 (18%) joints of subjects, while the prevalence of OA in PIP joints
was lower (2e4%). Bilateral involvement was most frequently seen
for DIP5 and CMC1 joints. The pattern of joint involvement
between right and left hands was essentially the same (Fig. 1).
Progression of radiographic hand OA over the 10-year follow-up
period measured as increase in JSN or osteophyte grade occurred
most frequently in the DIP joints, followed by the IP1 and CMC1
joints, while OA progression in the PIP joints was less frequent
(Fig. 2, Table II).
We also repeated the analyses in Table II but stratiﬁed by the
presence of OA of the joint at X-ray A. In general more radiographic
progression occurred (i.e., D scores were higher) in joints of
Fig. 1. The prevalence of radiographic OA (corresponding to K/L grade 2 or worse) in hand joints of subjects (n¼ 118) with previous meniscectomy. The ﬁgures show the proportion
of joints with radiographic OA for left and right hands with10 years in between X-rays.
Fig. 2. The proportion of subjects with increase in JSN grade and osteophyte grade, respectively, in at least one of the two joints from left and right hands over 10 years.
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Table II
The average change* of JSN and osteophyte grade in subjects’ hand joints over 10
years
Joints (left and right) JSNy Osteophytesz
Mean SD SRM Mean SD SRM
IP1 0.13 0.36 0.35 0.22 0.53 0.42
DIP2 0.22 0.51 0.43 0.36 0.63 0.56
DIP3 0.27 0.66 0.41 0.30 0.59 0.50
DIP4 0.25 0.53 0.48 0.14 0.43 0.31
DIP5 0.32 0.65 0.49 0.37 0.76 0.49
PIP2 0.19 0.47 0.40 0.07 0.31 0.22
PIP3 0.03 0.18 0.19 0.10 0.38 0.27
PIP4 0.13 0.42 0.30 0.03 0.21 0.12
PIP5 0.07 0.31 0.22 0.12 0.44 0.27
CMC1 0.12 0.42 0.28 0.17 0.40 0.42
PIP¼ proximal interphalangeal, CMC1¼ ﬁrst carpometacarpal.
* The mean difference between the sum of subjects’ radiographic grades between
examinations (D score SD) and the resulting SRM is presented. The sum of the data
for the joint from right and left hands is given.
y The sum of JSN grades from subject’s both hands.
z The sum of osteophyte grades from subject’s both hands.
Table IV
The absolute number of subjects (%) for each level of change over 10 years in
radiographic D scores (i.e., the difference between the sum of subjects’ radiographic
grades from both hands between X-ray A and B). The higher the D score, the more
radiographic OA development of the subject’s hands
Outcome D score
1 or less 0 1 2e5 6e9 10 or more
JSNþ osteophytes* 0 (0) 27 (23) 21 (18) 43 (36) 17 (14) 10 (8)
JSNy 1 (1) 48 (41) 31 (26) 29 (25) 4 (3) 5 (4)
Osteophytesz 0 (0) 44 (37) 22 (19) 42 (36) 8 (7) 2 (2)
* The sum of JSN and osteophyte grades from subject’s both hands.
y The sum of JSN grades from subject’s both hands.
z The sum of osteophyte grades from subject’s both hands.
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thus radiographic progression was more common in subjects with
existing OA than newly developed radiographic features in subjects
without OA (data not shown). However, subjects with existing OA
were also older on average (Table III).
Hand OA on a subject level
At the time of X-ray A, 42 subjects (36%) had radiographic OA
approximating K/L 2 or worse in at least in one hand joint. At X-ray
B, 62 subjects (53%) had OA in at least one joint (P< 0.001). Most
subjects (55%) over the age of 50 at examination A already had OA
in at least one hand joint. By the time of X-ray B that proportion had
increased to 73% (P¼ 0.004, Table III).
At the time of X-ray A, 21 subjects (18%) were classiﬁed as
having primary hand OA compared to 35 subjects (30%) at X-ray B
(P< 0.001). Thus, 14 of 97 (14%) of individuals at risk had developed
primary hand OA during follow-up. The proportion of subjects who
were 50 years of age or older at the time of X-ray A with primary
hand OA increased from 29% to 46% (P¼ 0.004, Table III). The share
of women and men with primary hand OA at X-ray B was 7 of 30
(23%) and 28 of 88 (32%), respectively (P¼ 0.49).
Even though 70 (17 women and 53 men) of 118 subjects (59%)
increased their total radiographic score by at least 2 over the 10
year study period, the majority (43 of 70) of those subjects had a D
score of only þ2 to þ5 points of change for both their hands. Ten
subjects increased their total radiographic score by at least 10. The
mean total radiographic score change (D score) over the 10 years
was þ3.59 SD 4.39 yielding an SRM of 0.82.
When looking at scores from JSN and osteophytes separately,
fewer subjects were captured as having progressed radiographi-
cally (Table IV). For JSN score 32% of subjects were classiﬁed as
having progressed by 2 or more and the corresponding proportion
of subjects for osteophytes was 45%. The mean D score for JSN andTable III
The prevalence of radiographic hand OA at X-ray A and 10 years later (X-ray B) by
age. Values are number of subjects (%)
Age at X-ray A (years) OA in at least one
joint in at least one
hand X-ray
Primary hand OA*
X-ray
A B A B
<50 (45 men, 17 women) 11 (18) 21 (34) 5 (8) 9 (15)
50 (43 men, 13 women) 31 (55) 41 (73) 16 (29) 26 (46)
* Please see Subjects and methods for deﬁnition.osteophytes were þ1.73 SD 2.75 and þ1.86 SD 2.33, yielding
SRMs of 0.63 and 0.80, respectively.Discussion
We found that CMC1, DIP, and IP1 joint OA is frequent in subjects
with prior meniscectomy. The proportion of subjects classiﬁed
as having primary hand OA increased from 18% to 30% over the
10-year follow-up period. Fifty-nine percent of subjects were
classiﬁed as having progressed radiographically by 2 or more using
the total radiographic score. However, the extent of progression
was moderate as most subjects had an increase in their score by
only 2e5. The total radiographic score including both JSN and
osteophytes was the most sensitive for detection of progression.
Hand OA is common in the general population, although the
estimates from previous reports vary greatly due to differences in
sampling criteria, age distribution, and the deﬁnition of OA. We
have previously reported on the association between prevalent
hand OA and knee OA in this sample, where hand OA was more
frequent in those with knee OA than expected by chance (adjusted
for key confounders including age, sex, and body mass index)17. In
the present study we used the OARSI atlas for scoring of JSN and
osteophytes. We also created a relatively conservative cut-off for
individual joints to deﬁne OA approximating K/L grade 2, where we
required the presence of either moderate to severe JSN (grade 2 or
3) or a relatively large osteophyte (grade 2 or 3) alone or mild JSN
(grade 1) with a small osteophyte (grade 1). OA was demonstrated
most frequently in CMC1, IP1, DIP joints. The pattern of joint
involvement was consistent with previous reports5,21,23,24.
Different reports have used different criteria to assess the inci-
dence and development of OA changes in hand joints. In a previous
10-year follow-up of 59 OA patients, radiographic progression of
DIP, PIP and CMC1 joints was recorded in about 40% for osteophytes
and in about 40e50% of joints for JSN14. More recently, in a sample
of clinical or structural hand OA patients Botha-Scheepers et al.
reported that about 20% of OA patients had progressed radio-
graphically over a 2-year period. If using the same deﬁnition of
progression as in the latter study (an increase in JSN or osteophyte
score by at least 1), about 60% of our subjects would have been
classiﬁed as having progressed radiographically over the 10 years
(irrespective of if we used the JSN or osteophyte score).
Our results conﬁrm the increased prevalence of joint changes
with age9,10,14,25. OA was relatively more frequent in the patients
older than 50 years of age, reaching 71% of subjects with at least one
affected hand joint at X-ray B. Also the progression of hand OA in
those aged 50 years or older in our study was greater than in
subjects less than 50 years of age. In comparison, other studies have
reported a lower rate of hand osteophyte progression in the elderly,
as compared tomiddle-aged12. Such a reduction in progression rate
of hand OA in older subjects may suggest decreased rate of devel-
opment of joint changes in the most elderly, and that early post
P.T. Paradowski et al. / Osteoarthritis and Cartilage 18 (2010) 917e922 921menopausal stage in women is associated with increased risk of
progression.
This study has limitations. All our study subjects had undergone
prior meniscectomy of the knee and it can be argued that some of
these individuals may represent a subset of persons with a predis-
position for generalized OA. Hence, the sample is not representative
of the general population. There is also a relatively small proportion
of women, reﬂecting the distribution of patients undergoing
meniscectomy. Therefore, the results for women must be inter-
preted with particular caution. The sample size was also smaller
than large population-based studies such as data from Framing-
ham2, Rotterdam study26 and Zoetemeer survey3. Hence, this
report is focused on descriptive types of statistics, not multivariable
modeling of risk factors such as sex or bodymass index. Further, the
sample is quite heterogeneous where e.g., subjects’ age ranged
from 32 to 75 (median 49) years at the time of their ﬁrst hand X-ray.
As expected more evidence of radiographic development and
progression occurred in those 50 years or older although there was
evidence of radiographic development and progression in the
hands of younger subjects as well. Hand ﬁlm readings were made
unblinded to time sequencewhichmay bemore sensitive to change
than readings blinded to time sequence27.
In summary, our study conﬁrms radiographic hand OA with
typical CMC1, IP1 and DIP involvement to be frequent also in
subjects with prior knee meniscectomy. Development of radio-
graphic OA features and (or) progression of existing features
occurred in the majority of subjects, although when considering
the long time frame of 10 years, the changes were often modest.
More sensitive scoring methods and (or) more sensitive imaging
modalities than plain radiography may be preferable to follow
structural changes of hand OA.
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